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Novelty and Impact: LDCT screening is a complex process with high probability of recall for assessment of 
Non Calcific Nodules. Biomarkers are possible contributors at different stages of LDCT lung cancer 
Screening. The ITALUNG Biomarker Panel (IBP) combined plasma DNA quantification (cut-off 5ng/ml) 
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and loss of heterozygosity and microsatellite instability, showed high sensitivity for lung cancer detection at 
baseline test. Use of IBP as multimodal screening could contribute to reduce the burden of lung cancer 
screening. 
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Abstract   
Asymptomatic high-risk subjects, randomized in the intervention arm of the ITALUNG trial (1406 screened 
for lung cancer), were enrolled for the ITALUNG biomarker study (n = 1356), in which samples of blood 
and sputum were analysed for plasma DNA quantification (cut off 5ng/ml), loss of heterozygosity and 
microsatellite instability. The ITALUNG biomarker panel (IBP) was considered positive if at least one of the 
two biomarkers included in the panel was positive. Subjects with and without lung cancer diagnosis at the 
end of the screening cycle with LDCT (n = 517) were evaluated. Out of 18 baseline screen detected lung 
cancer cases, 17 were IBP positive (94%). Repeat screen-detected lung cancer cases were 18 and 12 of them 
positive at baseline IBP test (66%). Interval cancer cases (2-years)  and biomarker tests after a suspect Non 
Calcific Nodule follow-up were investigated. The single test versus multimodal screening measures of 
accuracy were compared in a simulation within the screened ITALUNG intervention arm, considering 
screen-detected and interval cancer cases. Sensitivity was 90% at baseline screening. Specificity was 71%% 
and 61% for LDCT and IBP as baseline single test, and improved at 89% with multimodal, combined 
screening. The positive predictive value was 4.3% for LDCT at baseline and 10.6% for multimodal 
screening. Multimodal screening could improve the screening efficiency at baseline and strategies for future 
implementation are discussed. If IBP was used as primary screening test, the LDCT burden might decrease 
of about 60%.  
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Introduction 
Lung cancer is currently the leading cause of cancer death in the world. Although the rates of lung cancer 
mortality have started to decrease in most industrialized countries, the long time lag between the peak of 
cigarette consumption and lung cancer development
 
will assure a long life for the epidemic. Smoking 
attributable deaths are also projected to increase due to the surge in tobacco consumption among young 
people and in developing countries 1, 2. Additionally, at the time of diagnosis, lung cancer is often in an 
advanced stage of disease, with a 5-year survival lower than 20% 
(https://seer.cancer.gov/statfacts/html/lungb.html). The US National Lung Cancer Screening Trial (NLST), a 
randomized trial utilizing LDCT, showed a significant reduction in the overall and lung cancer specific 
mortalities when compared to screening with chest radiography 
3
. The ITALUNG RCT is one of the 
European randomised trials to assess the benefit-to-harm ratio of screening with LDCT 4.  
Biomarkers have been considered possible contributors at different stages of the lung cancer 
screening process 
5
. The use of biomarkers for predicting the occurrence of the disease is one of the major 
aims of recent research but, as yet, there have been no conclusive results. The better identification of high-
risk subjects using biomarkers or the integration of biomarker tests with LDCT in a multimodal screening 
has received less attention. In this paper the level of plasma DNA and genomic instability (MSI/LOH) in 
both sputum and plasma DNA are evaluated for their potential as identifiers of subjects in the phase of field 
cancerisation or as supplementary screening tests 
6
. The optimisation of both sensitivity and specificity by 
means of the combined use of biomarkers and LDCT was assessed in sputum and plasma samples provided 
by ITALUNG subjects. 
Materials and Methods 
Study design  
The ITALUNG study for the early detection of lung cancer using LDCT is a randomised screening 
trial based on the selection of individuals aged 55 to 69 years who are heavy smokers or ex-smokers with a 
smoking exposure history of at least 20 pack-years in the last 10 years. The study is registered at Clinical 
Trial.gov (ID = NCT02777996). The study design and characteristics of the ITALUNG subjects have been 
presented 
7
. In brief, letters were sent to residents in three districts of the region of Tuscany. Subjects were 
randomised to the screening intervention or the usual care (no screening) arms. The controls were followed 
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up in usual care. The intervention arm (n = 1613) was invited to attend a screening cycle consisting of a 
baseline and 3 repeat screening rounds at 1-year intervals. 1406 asymptomatic high-risk subjects were 
screened at baseline and participated in the screening cycle 8. In the presence of Non Calcific Nodule (NCN) 
≥ 5mm at baseline or ≥ 3 mm at a repeat round, the study provided recall for further assessment with 
diagnostic work-up, in accordance with a strict protocol.  
The ITALUNG biomarker study was approved by the Ethical Committees of Florence (n. 
23/2003/CEL) and each participating centre. Out of 1406 screened, 1356 subjects gave their individual 
consent to give a sample of blood and sputum at baseline LDCT screening for storage in the ITALUNG 
biobank. A second sample of blood and sputum was requested when subjects were recalled for further 
assessment at baseline or repeat rounds. 
 
Our analysis, which covered the entire screening cycle, included 
those subjects diagnosed with lung cancer (n = 36 out of 38 screen-detected lung cancer cases in the 
ITALUNG intervention arm) and a random selection of subjects without lung cancer diagnosis (n = 481 / 
1320=36%)), for a total of 517 subjects. 
Those subjects without lung cancer diagnosis at the end of the screening cycle were classified into 
one of 3 LDCT screening groups: (a) the S1 group included subjects defined as “always negative for NCN”, 
i.e. without lung cancer at the end of the entire screening cycle and never recalled for the assessment of NCN 
either at baseline LDCT or at annual repeat LDCT (n = 235); (b) the S2 group included subjects defined as 
“baseline negative, positive for NCN at an annual repeat screening”, i.e. without lung cancer at the end of the 
entire screening cycle, with a negative result at LDCT baseline, and with an NCN ≥3mm detected at annual 
repeat LDCT (n = 118); (c) the S3 group included subjects defined as “baseline positive for NCN”, i.e. 
without lung cancer at the end of the entire screening cycle, but with an NCN ≥5 mm at baseline LDCT, with 
or without an NCN ≥3mm at annual repeat LDCT (n = 128). All screen-detected lung cancer subjects with a 
baseline sample available were included and classified according to detection at baseline or at an annual 
follow-up: (a) the S4 group included subjects with an NCN at baseline LDCT and diagnosed as screen-
detected lung cancer after diagnostic work-up (n = 18, lung cancer at baseline test); (b) the S5 group included 
subjects diagnosed as screen-detected lung cancer at annual repeat LDCT (n = 18, lung cancer at annual 
repeat test).  
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Even though the LDCT screening interval was 1 year, interval cancer cases were defined (following 
a suggestion in the NELSON RCT evaluation 9) as those clinical cases which, at the end of the ITALUNG 
RCT follow-up (8.5 years) and based on data from the Cancer Registry of Tuscany, had occurred within 2 
years of a negative screening test .
10
 There were 6 interval cancers, only 2 of which were after the baseline 
screening round.  
Clinical samples  
Samples of peripheral blood and sputum collected at home for 3 consecutive mornings were obtained from 
each subject and duly processed according to the study protocol. Sputum was collected in 15 cc of CytoLyt 
Solution (Hologic) and peripheral blood was collected in K3-EDTA, as previously reported 6.  
Plasma DNA  
The amount of DNA in plasma was determined through the use of Real Time quantitative PCR with 
amplification of the gene of interest, hTERT, mapped in single copy in the region 5p15.33, according to the 
protocol already described 
6
. The data were analysed by the Real Time PCR 7500 Sequence Detection 
System (Life Technologies). In the previous study, in which we used a ROC analysis of continuous data, we 
set the cut-off point
 
to 5 ng DNA/ml of plasma 
6
. We used the same cut-off in this study. 
Genomic  
The analyses of microsatellite instability (MSI, allele shift) and the loss of heterozygosity (LOH) were 
carried out by studying the alteration of microsatellites relating to 12 loci in 5 different chromosomes: 3p14.2 
(D3S1300), 3p21-p23 (D3S1289), 3p26.1 (D3S1263), 3p13 (D3S1566), 5q15 (D5S644), 5q22.2 (D5S2084), 
9p22-p23 (D9S157), 9p21 (D9S161), 13q12.3 (D13S171), 13q14 (D13S153), 13q14.1 (D13S263) and 
17p13.2 (D17S938) 
6
. 
A sputum sample was scored positive for LOH when a reduction for one allele’s intensity of at least 
23% was found whereas the required reduction for a plasma sample was set to at least 30%. The greater 
reduction for plasma provided a cut-off level that avoided false positive results (due to the lower amounts of 
plasma DNA) and enhanced reproducibility. All clinical samples were assayed twice but when 
inconsistencies in values around the boundaries were observed a third assay was performed. The presence of 
microsatellite instability was indicated by the presence of additional series of peaks before and after the peak 
expected for the markers. A subject was scored positive for MSI/LOH whichever sample was positive.  
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The ITALUNG biomarker panel (IBP) was calculated from the individual MSI/LOH and DNA 
plasma values (cut-off 5 ng/ml). The IBP was positive if at least one of the two panel biomarkers was 
positive. 
We simulated lung cancer screening strategies based on the LDCT results and analyses of the clinical 
samples. The proportion of IBP positive subjects was applied to the screened ITALUNG subjects according 
to the presence or absence of LDCT recall for NCN.  
Results  
             Table 1 shows the characteristics of the 517 subjects included in the biomarker analysis. In total, 
68.1% were current smokers at baseline screening, the mean tobacco consumption for all eligible subjects 
(smokers and ex-smokers) was 43.7 pack years and the mean age 61.1 years. 
Table 2 shows biomarker positivity by LDCT screening group - the MSI/LOH and plasma DNA 
results. The plasma DNA estimate was missing in 13.5% of subjects without lung cancer (n = 65/481) and, 
also, in one of the annual repeat screen-detected lung cancer cases (n = 1/18). Plasma DNA result was 
positive in 13.3% of subjects without lung cancer (i.e. groups S1, S2 & S3) The MSI/LOH sputum and blood 
samples (at 23% and 30% thresholds, respectively) were positive in 34.9% of subjects without lung cancer 
(i.e. groups S1, S2 & S3) (Fisher's exact test = 0.672). Some 88.9% and 57.1%, respectively, of the baseline 
and annual repeat test, lung cancer cases were MSI/LOH positive (Fisher Exact test = 0.228).  
The IBP was considered positive at baseline test in 39% of the subjects without lung cancer at the 
end of the screening process (i.e. groups S1, S2 & S3). The number of baseline screen-detected lung cancer 
cases which were positive at IBP was 17 (94.4%), out of the 18 lung cancers in this group. Twelve of the 18 
lung cancers detected at annual repeat LDCT were positive at IBP (66.7%).  
               At baseline, 517 sampled subjects had been screened (Table 3), from which 146 were LDCT 
positive, i.e. had had a suspicious finding implying a more intensive workup. Considering baseline screen 
detected cases only, specificity of LDCT alone (Sp LDCT) was estimated as (371)/(517-18) = 74%. For IBP 
alone, Sp IBP was = (296-1)/499 = 59%. However, if LDCT and IBP were combined, i.e.  considering 
“screening positive” the subjects with both tests positive and needed of further workup, the Sp comb was = 
(80+156+214)/499 = 90%. The Positive Predictive Value (PPV) of LDCT and IBP combined (PPV Comb) was 
= 17/65 = 26%.  
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                Interval cancers after baseline LDCT screening (both negative at baseline LDCT) were 1 positive 
and 1 negative at baseline IBP. Out of 4 interval cancer cases after a repeated LDCT test (1 to 3 rounds), one 
was not included in this study, because the subject did not consent to participate in the biomarker study. 
Others were all negative at baseline LDCT screening test, 1 of them positive and 2 negative at baseline IBP.  
           Because these results were based on “enriched data”, i.e. including all lung cancer cases, but only a 
selection of screening negative subjects and did not included interval cancer cases, we decided to extrapolate 
them to a hypothetical baseline screening situation for the entire ITALUNG screened cohort of 1406 subjects 
to avoid any selection bias. In the ITALUNG study, 420 subjects were recalled at baseline LDCT screening 
in accordance with the radiological LDCT protocol (30%), 20 lung cancer cases were screen-detected 
(Detection rate = 1.42%) and 2 interval cancer cases (2-years) were diagnosed 
8
.  
In the simulation, the proportion of IBP results expected in each cell on the basis of the biomarker 
study was applied to the positive and negative LDCT subjects (Table 4). In Table 5, screen detected and 
interval (2-years) lung cancer cases observed in
 
the whole screening cycle and participant in the biomarker 
study are presented by LDCT and IBP result at baseline screening. In Table 6, measures of accuracy at single 
or multimodal, combined screening are presented. LDCT and IBP as single tests at baseline had equal 
sensitivity (90%), but not specificity, which was lower for IBP (71% vs 61%), with similar Positive 
Predictive Values (PPV) (4.3 % vs 3.3%). The simulation of the LDCT and IBP combined, i.e. a multimodal 
strategy whereby the baseline test result would be used to select subjects for screening, improved screening 
Specificity (Sp Comb = 89%), as the PPV Comb (10.6%); sensitivity was unchanged (90%).  
In 986 LDCT screened subjects negative at baseline (Table 4) , 18 lung cancer cases were screen 
detected at three repeated rounds and 4 interval cancers (2-years) were diagnosed (2.3%). IBP positive at 
baseline were estimated as 378 (38.3%). Out of them, 12 cases had been screen detected at repeated LDCT 
tests and one interval cancer. The probability to be diagnosed with a lung cancer in this LDCT negative, IBP 
positive group at baseline (13/22=59% of the  lung cancer cases) , over the whole screening cycle, was 3.4%. 
              Each subject recalled for follow-up or for further assessment, following detection of a Non Calcific 
Nodule at baseline or repeat screening test, was requested to give a further sputum and blood sample for 
storage in the ITALUNG biobank. Out of the 18 subjects with baseline screen-detected lung cancer, 17 were 
baseline IBP positive (see Additional material online). Out of them, according to protocol, 7 were followed 
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up because of the detection of an NCN and all were IBP positive in the follow-up sample analysis. Out of the 
18 lung cancer cases screen-detected at repeat screening, 6 were IBP negative at the baseline IBP test, and at 
the follow-up test 3 of them switched to an IBP positive result, 2 were confirmed as negative and 1 did not 
receive the follow-up test. On the contrary, 12 of the 18 screen-detected lung cancers at repeat test were 
evaluated as IBP positive at baseline LDCT screening test, and 9 of them were confirmed IBP positive at the 
follow-up IBP test and 3 were not tested. 
 
Discussion  
Lung cancer screening with LDCT is a complex care system with high costs and side effects, such as the 
high rates of recall for further assessment. Since the publication of the NLST results 
3
, lung cancer screening 
with LDCT has been implemented in the USA as an effective tool for reducing lung cancer mortality 11. The 
offer of the test, according to the most influential guidelines, should be conditional on the level of risk and, 
further, strict screening protocols should be adopted. There are, however, concerns about the costs and 
possible side effects 12. Subsequent evaluations of the NLST have confirmed that the effect of screening 
could be better achieved by targeting high-risk populations, a valid approach for the prevention of the 
greatest number of deaths. 
13
 In a re-analysis of the NLST, the number of lung cancer deaths prevented was 
shown to increase according to the individual risk quintile at baseline. According to Kovalchik et al. 14 in the 
NLST, 60% of the participants at high-risk for lung cancer death accounted for 88% of the screening-
prevented lung cancer deaths.  
The recently published data of the UKLS pilot trial reported a level for the first-round detection rate 
which was 19% more than in ITALUNG (1.7% vs 1.4%), with the UKLS subjects having a higher risk 
profile but a lower proportion of current smokers. 
15,16
 On the basis of evaluation of the existing risk models, 
the question of who should be screened continues to be debated 13. The utility, as tools, of hyper-methylation, 
loss of heterozygosis and plasma DNA, together with the evaluation of microRNA, has been suggested as 
complementary tests for screening for lung cancer. DNA hyper-methylation is present in many types of 
tumour and occurs very early in the cancerization phase. Indicators of methylation have been proposed in 
several studies, but none are yet included in clinical practice 
17,18
. In the NELSON trial 
19
 with a screening 
population at high risk for lung cancer, DNA hyper-methylation analysis in sputum was assessed as possibly 
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playing a role in the detection of preclinical disease, but complementary diagnostic markers are needed to 
improve sensitivity. Several studies have also evaluated the microRNA contribution for their utility as 
predictors of the growth and aggressiveness of lung cancer. The microRNA signature classifier (MSC) has 
been, retrospectively, evaluated by Sozzi et al. 
20
 showing high sensitivity (87%) and high specificity (81%) 
for cancer. In the COSMOS study sensitivity and specificity for cancer of a different signature were 77.8% 
and 74.8%, respectively 21,22. 
In this analysis, we have confirmed that genetic MSI/LOHs are a sensitive marker of signature of 
field cancerisation of lung tissue. Lung cancer studies have confirmed that there are highly altered 
chromosomal regions, and there is evidence that alterations are strongly influenced by smoking habits 23-26 
and that they are not just specific for lung cancer. In our study a high MSI /LOH sensitivity for screen-
detected lung cancer cases at the baseline LDCT round has been shown, although with moderate specificity. 
In contrast, plasma DNA (>5ng/ml) has shown higher specificity for lung cancer at baseline screening, but 
with lower sensitivity. 
 
Considering the strong heterogeneity of lung cancer and the progressive accumulation of genetic and 
molecular alterations occurring during the process of carcinogenesis, it is possible to achieve better results by 
evaluating a panel of molecular alterations using more than a single biomarker. We proposed the IBP as such 
a heterogeneous panel, encompassing different molecular alterations. The IBP, the biomarker panel of 
MSI/LOH and/or plasma DNA combined results, was tested for accuracy, and has demonstrated good 
performance for the identification of lung cancers at baseline screening, with a very high sensitivity.  
This finding suggests a rapid increase of the DNA Plasma quantitative measure and a long duration 
for the field cancerisation phase. Nevertheless, the lower sensitivity of biomarkers at repeat tests can also be 
related to limitations in the reading process at the baseline LDCT screening. A detailed reconsideration of the 
LDCT reading process at initial screening has been performed in ITALUNG 27 and an evaluation of the 
characteristics of interval and screen-detected cases jointly considering tumour morphology, radiologic 
imaging and modality of detection is on-going. An improved understanding of the biomolecular 
characteristics is indeed needed to confirm the indication of the MSI/LOH loci involved, which were 
selected a priori as being more related to the detection of lung cancer. In this study we noted the association 
of the positive result at some MSI/LOHs loci, with the loci 1 to 5 (3p14.2, 3p21-p23, 3p26.1, 3p13, 5q15) 
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and 7 to 9 (9p22-p23, 9p21, 13q12.3), using a 30% cut off. A larger prospective study is needed to evaluate 
the hypothesis of using the most specific MSI/LOH loci.  
The diagnostic accuracy measures of LDCT screening were estimated in other RCTs. The sensitivity 
and specificity of LDCT were measured in the NLST 
4
 (83.8% and 73.4% at baseline) and also considering 
screen-detected lung cancer cases over 3 rounds 28. In the NELSON (84.6% and 98.6%) screen-detected 
cancers over 3 rounds and interval cancers (2-years)) were included 9. In the ITALUNG study, there were 
1406 active subjects in the intervention arm at baseline who experienced 5293 negative LDCT screening 
episodes in 4 rounds 8. The accuracy measures, based on the 4 rounds, were 86.4% (95% C.I.: 70.5%-93.5%) 
and 80.3% (95% C.I.: 79.9%-82.0%) for sensitivity and specificity, respectively. The Positive Predictive 
Value of NLST was very comparable to the observed in ITALUNG study, whereas much higher in NELSON 
study. 
Next, we analysed an hypothetical baseline screening situation for the entire ITALUNG screened 
cohort (Table 6), rather than on only a selection of screening negative subjects which did not include interval 
cancer cases (Table 3). This choice was based on the attempt to avoid any potential distortion of the 
estimates due to selection bias. The strength of the extrapolation of the sample biomarker data to the subjects 
enrolled in the ITALUNG screened arm is the estimate of accuracy measures and follow-up data over the 
entire lung cancer screening cycle (4 screening rounds), with the inclusion of interval cancers (2-years) as 
false negative tests for LDCT. In the simulation of the performance of the IBP test, we assumed the interval 
cancers as true positive if the IBP baseline test result was positive. On the basis of these estimates (Table 6), 
the IBP as single screening test had comparable sensitivity but much lower specificity of the LDCT (71% vs 
61.2%), too low for a single screening test and near to a random selection of subjects. However, sensitivity 
of the multimodal, combined baseline screening was comparable to single test screening (both LDCT and 
IBP), but with better specificity and PPV.  
Two strategies of multimodal screening were considered. First, LDCT screening as primary test can 
be offered to all eligible subjects and the combined IBP positive result for LDCT positive subjects will 
discriminate subjects at higher risk of lung cancer, i.e. improve the decision of further workup, increasing the 
positive predictive value. In the second strategy, IBP screening is used as primary test. If the result of LDCT 
is positive, then specificity and PPV are improved.  
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In LDCT negative subjects at baseline (Table 3 and Additional material online), baseline IBP is a 
predictor of a proportion of screen-detected (n = 12 out of 18) and interval lung cancers (n = 1 out of 3) at 
repeat screening test. The prediction of future occurrence at baseline screening is limited. Understanding the 
interrelationships between biomarkers and LDCT radiological findings might elevate our ability of 
prediction, but a follow-up protocol considering IBP combined with LDCT could improve the screening 
performance at repeated screening. A limitation of this study is the availability of the IBP test for all subjects 
only at baseline screening. However, subjects recalled for an NCN at repeat screening test were requested to 
provide a further sputum and blood sample. In most lung cancer cases, the status of the IBP switched to 
positive in the samples collected near the time of the diagnosis of lung cancer. Also. numbers are small and 
further studies would be needed to confirm this behaviour. 
LDCT screening has relevant costs, conditioned by local conditions and management. Testing 
MSI/LOH and Plasma DNA (i.e. IBP) is still done in a research setting and an evaluation of costs as a 
routine practice is under way. In the “LDCT-first strategy”, only the LDCT positive subjects would be 
screened by IBP, according with the screening protocol and information used for the management of NCN 
recalled for further assessment or follow-up. If we follow the ‘believe the negative’ rule as Shaw et al. have 
suggested 
29
, all subjects who were IBP negative would not be further investigated but would have a repeated 
biomarker test (and a LDCT if positive) after a screening interval. In the “IBP-first strategy”, only subjects 
with biomarkers positive at baseline would receive LDCT screening and all subjects repeat the test (and 
LDCT if positive at repetition). The consequence of this stragegy is a potential important reduction of the 
number of LDCT tests at baseline, about the 40% of the 1406 subjects (843 LDCT tests).  
Prior to the translation of this approach into screening practice, the performance, protocol and 
diagnostic accuracy of multimodal screening should be tested in other lung cancer screening trials which 
have a comparable biobank of sputum and blood samples and, further, in a new prospective study of high 
risk subjects selected for LDCT by means of the ITALUNG biomarker panel. 
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Table 1. Characteristics of the subjects sampled in the ITALUNG biomarker study according to LDCT 
screening group stratification, mean age and 95% Confidence Interval (C.I.), gender, active smoking, and 
pack years.  
 
 n Age 
(mean and 
95% C.I.) 
Gender (%) Smokers 
at baseline 
(%) 
Pack-years 
(mean and 
95% C.I.) 
Male 
(n = 311) 
Female 
(n = 206) 
S1 group a 235 60.9 (60.3-61.4) 57.9 42.1 65.5 41.3 (38.9-43.8) 
S2 group 
b
 118 61.1 (60.3-61.9) 57.6 42.4 67.8 43.7 (40.2-47.1) 
S3 group 
c
 128 60.9 (60.1-61.7) 61.7 38.3 71.9 50.5 (41.3-59.8) 
S4 group 
d
 18 62.9 (61.2-64.7) 68.4 31.6 78.9 54.6 (35.6-73.6) 
S5 group 
e
 18 63.6 (61.3-65.9) 88.2 11.8 64.7 54.7 (44.0-65.4) 
Total 517 61.1 (60.7- 61.5) 60.2 39.8 68.1 43.7 (41.7-45.7) 
a Always negative for Non Calcific Nodule. 
b Baseline negative, positive for Non Calcific Nodule at an annual repeat test. 
c Baseline positive for Non Calcific Nodule. 
d Lung cancer at baseline test.  
e Lung cancer at annual repeat test. 
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Table 2. Positivity of the sputum and/or plasma genomic instability and plasma DNA, by LDCT screening 
group stratification. 
 
 S1 group 
a
 
(n = 235) 
S2 group 
b
 
(n = 118) 
S3 group 
c
 
(n = 128) 
S4 group 
d
 
(n = 18) 
S5 group 
e
 
(n = 18) 
 n (%) 
Genomic instability 
f
  81 (34.5%) 45 (38.1%) 42 (32.8%) 16 (88.9%) 12 (66.7%) 
Plasma DNA 
g
 
(cut-off 5 ng DNA/ml plasma)  
35 (18.0%) 
 
12 (11.9%) 
 
17 (14.0%) 
 
12 (66.7%) 
 
5 (29.4%) 
 
a Always negative for Non Calcific Nodule. 
b Baseline negative, positive for Non Calcific Nodule at an annual repeat test. 
c Baseline positive for Non Calcific Nodule. 
d Lung cancer at baseline test.  
e Lung cancer at annual repeat test. 
f Positivity was defined when a subject was positive for microsatellite alteration in sputum and/or plasma.  
g Some figures do not add up to the total because of 66 missing values.  
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Table 3. The biomarker ITALUNG study sample by LDCT and IBP screening result at baseline. Number of 
subjects (row %).  
 
LDCT  IBP  
  Positive Negative  
 Subgroup n (row%) n n (col%) 
Positive S3 
a
 48 (37%) 80   128  
S4 
b
  17 (94%) 
 
1 
 
18  
Sum 65 (44%) 81            146 (28%) 
Negative S1 
c
 97 (41%) 
 
138 
 
235  
S2 
d
 47 (40%) 
 
71 
 
118  
S5 
e
 12 (66%) 
 
6 
 
   18  
Sum 156 (42%) 215              371 (72%) 
  221 296                517 (100%) 
a Baseline positive for Non Calcific Nodule. 
b Lung cancer at baseline test. 
c Always negative for Non Calcific Nodule. 
d Baseline negative, positive for Non Calcific Nodule at an annual repeat test. 
e Lung cancer at annual repeat test. 
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Table 4. Simulation of the results of IBP screening tests in the ITALUNG screened arm by LDCT at 
baseline.  
LDCT IBP  
 Positive Negative  
 
n 
 (col%) (row%) 
n 
 (col%) (row%) 
n 
 (col%) (row%) 
Positive 
170 
(31%) (40%) 
250 
(29%) (60%) 
420 
(30%) (100%) 
Negative 
378 
(69%) (38%) 
608 
(71%) (62%) 
986 
(70%) (100%) 
Total 
548 
(100%) (39%) 
858 
(100%) (61%) 
1406 
(100%) (100%) 
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Table 5. All the LDCT lung cancer screen detected and interval lung cancers in the ITALUNG 
screened arm, by IBP screening test result.  
 
LDCT at 
baseline 
IBP at baseline Total 
 Positive Negative  
 n n n 
Positive 17 a 1 a 18 a 
Negative 14 
b
  9 
c
 23 
d
 
 31 10 41 e  
a Lung cancers screen detected at baseline. 
b One interval cancer (2 years) at baseline, 12 lung cancers screen detected at repeated round, and one interval lung cancer at repeated 
round. 
c One interval cancer (2 years) at baseline, 6 lung cancers screen detected at repeated round, and 2 interval lung cancers at repeated 
round.  
d Two interval cancer (2 years) at baseline, 18 lung cancers screen detected at repeated round, and 4 interval lung cancers at repeated 
round. 
e One interval cancer (2 years) at repeat screening with missing biomarkers not included. 
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Table 6. Measures of accuracy by lung cancer screening modality at baseline in the ITALUNG 
screened cohort (n = 1406) and hypothetical strategies (simulation).   
 
Screening 
modality  
at baseline  
True 
positive  
False 
positive 
False 
negative  
 
True 
negative  
Sensitivity 
(%) 
Specificity 
(%) 
PPV NPV 
LDCT  18 a  402 2 b 984 90.0% 71.0% 4.3% 99.8% 
IBP 18 
c
  530 2 
d
 856 90.0% 61.8% 3.3% 99.8% 
Hypothetical combined screening strategies 
LDCT, IBP 
if positive 
e
 
18 
a 
 152  2
 b
 1236 90.0% 89.0% 10.6% 99.8% 
IBP, LDCT 
if positive e 
18 
c
 152  2 
d
 1236 90.0% 89.0% 10.6% 99.8% 
a Lung cancers screen detected at baseline. 
b Interval cancers (2 years) at baseline. 
c 17 lung cancers screen detected at baseline, and one interval cancer (2 years) at baseline. 
d One lung cancer screen detected at baseline, and one interval cancer (2 years) at baseline. 
e Frequencies of true positive and false negative are equal in the two strategies, but detection modality (sd or ic) by 
LDCT is different.
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